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About the Speaker

• Flight Software Engineer
• NASA Jet Propulsion 

Laboratory
• Open Source Contributor

• F´ Missions and 
Improvements
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A Short Term Future (This Talk)

• Flight Software Primer
• An Introduction to F´
• F´ By Example
• F´ In Action
• F´ In the Real World
• F´ and The Future
• Questions – Anytime!
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Resources For Today’s Talk

• NASA F´ Landing Page:
• https://nasa.github.io/fprime

• NASA F´ Repository:
• https://github.com/nasa/fprime

• Michael’s Repo for Today’s GPS Code
• https://github.com/LeStarch/fprime/tree/gps-application
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Flight Software
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Flight Software Primer

Credit: NASA
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Flight Software Primer

• High Reliability
• Deterministic
• Fault Tolerant
• Meets Deadlines

• Reviewable
• Collaborative
• Highly Tested
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Five Commandments of FSW

• Thou shalt not use new, nor malloc, nor any of their ilk 
after system initialization.

• Thou shalt assert thine assumptions.
• Thou shalt bound thine loops lest they run forever.
• Thou shalt despise recursion in all its forms.
• Thou shalt test thine code all the days of your life.
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F´ Introduction
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What is F´?

• Embedded Systems Framework
• Flight Software for Small-Scale 

Projects
• Cubesats, Deployables, 

Instruments
• Provides:

• Autocoder for Framework, 
Commands, Telemetry and 
Events

• Standard Components and 
Abstractions

• Modeling, Testing, and Basic 
Ground Support

Credit: NASA – 2015
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Why F´?

• Standard Components 
and Abstractions

• Flight Heritage
• Designed For Modularity 

and Reuse
• Compact Code, Efficient 

Implementation
• Scalability Features
• Unit Testing Framework

Credit: JPL/NASA – Artist’s Concept
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A Crash Course in F´ - Architecture

• Ports
• Communication layer
• Point-to-point between components

• Components
• Primary building block of F´ designs
• Represents behavior of the system

• Topologies
• Top-level system layout
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A Crash Course in F´ - Data

• Events:
• “Log Messages”; something happened
• ”ACTIVITY_HI: Gps_LockAquired: GPS lock acquired”

• Telemetry:
• “Data Points”; state information
• “Gps_Latitude: 81.012”

• Commands:
• Control and Input from ground
• “Gps_ReportLockStatus”
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F´ Workflow
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F´ Workflow
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F´ By Example
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GPS Emitter in F´
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GPS Design in F´
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GPS Details

• Commands:
• Report Lock State

• Telemetry:
• Lat, Lon, Altitude

• Events:
• Lock acquired; Lock Lost
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GPS Implementation - XML
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GPS Implementation
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F´ In Action
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Example With PI: Prompt and GSE
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Real World F´
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F´ for Full-Scale Missions

• Modeling Software
• MagicDraw (UML/SysML) F´ Plugin
• MagicDraw is not OpenSource

• Unit Tests, Continuous Integration, and Testing
• Jenkins and Docker
• Multiple Deployments
• Integration Tests

• Operations
• F´ and OS Integration
• Communications
• Ground System
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F´ Best Practices and Tips

• Rate Groups for Deterministic Timing
• Parameter DB for Non-Volatile Behavior Affecting Values
• Hub Pattern for Off-Device Communication
• Fatal Handling and Health
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The Future
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F´ and OpenSource

Credit: NASA/KSC
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F´ and The Future
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